The present study was undertaken to find out the technical efficiency and factors affecting inefficiency of wheat production in Dinajpur District of Bangladesh. The data were collected from 01 July to 30 September 2004. The range of technical efficiency varies from 40% to 99% and the average was 70.33%. Farmers with optimum sowing and optimum harvest were technically more efficient than the farmers with late sowing. In all farms technical efficiency was much higher for the farmers who use sandy loam soil for wheat production than the farmers who did not use sandy loam soil. There was a positive relationship between the educational level and technical efficiency of wheat practicing farmers. The farmers who contacted frequently with extension workers were technically more efficient than who contacted less with extension workers. Therefore, maintaining of optimum sowing and harvesting time, use of sandy loam soil, high level of farming experience and education are important factors for obtaining maximum achievable yield.
Introduction
With the rapid increase in population and urbanization, the demand for wheat production has been increasing. To meet up growing demand without importing wheat area under wheat should be increased. In many regions of Bangladesh, wheat is an attractive crop. Rice is rarely grown in lighter soils located in more elevated areas and it is not suitable to grown where reliable irrigation services are absent. These latter conditions are present in the northwestern, north central, south central and south western regions of the country, precisely where most wheat production, presently is concentrated. Though these areas are suitable for wheat production, but still only 27% of the potential areas are under wheat cultivation. On the other hand, on-farm trial of wheat at BARI found wheat yield of 3.23 t/ha as against the national average of 1.74 t/ha in 2004 -2005 (BBS, 2005 . Area, production and yield of wheat is given in Table 1 .
Therefore, there is a potential of increasing wheat production from existing cultivating areas using available resources if the farmers can operate at the 1 Assistant Professor, Department of Agricultural Economics, BSMRAU, Gazipur-1706, 2 Former MS student, Department of Agricultural Economics, BSMRAU, Gazipur-1706, Bangladesh. maximum obtainable yield level. Maximum obtainable yield level can be determined through estimation of frontier production function. Some farmers may produce maximum obtainable wheat yield and some farmers may not produce maximum obtainable yield level due to some inefficiency factors. Therefore, with the importance of wheat cultivation in Bangladesh, it is necessary to find out the maximum level of wheat produced per unit of land using the existing level of resources and factors affecting inefficiency of not obtaining the maximum yield level. Therefore, the specific objective of the present study is:
(i) to estimate the level of technical efficiency of wheat production and factors affecting inefficiency using the stochastic frontier production function. 
Materials and Method

Selection of the study area and sample
Dinajpur District was selected purposively as a study area because this district is one of the leading wheat producing areas of Bangladesh. Nawabganj thana was selected randomly from the 13 thanas of Dinajpur District as the study area. A preliminary survey was conducted in some villages of Nawabganj thana under Dinajpur District to gather primary knowledge about the wheat production, and efficiency of the wheat growers. After preliminary visit, five villages, namely Krishnajibonpur, Monirumpur, Showgunkhula, Pravanandapur, Muradpur were selected randomly as the study area. Data for the study were collected from 01 July to 30 September 2004. A total of 60 farmers were selected for the study using random sampling technique. Among the randomly selected 60 farmers, 30 were small, 15 were medium, and 15 were large.
Stochastic production frontier and technical inefficiency model
The modeling and estimation of stochastic frontier production functions, originally proposed by Aigner et al. (1977) and Meeusen and Van Den Broeck (1977) , has been an important area of economic study in the last two decades. Reviews of applications in agriculture are given by Battese (1992) , Bravo-Ureta and Pinheiro TECHNICAL EFFICIENCY OF WHEAT GROWERS
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(1993) and Coelli (1996) . In the latter half of the last decade, various models have been proposed for the inefficiency effects in stochastic frontier production functions. Kumbhakar et al. (1991) specified stochastic production frontier of Zellner-Revankar type, in which the technical inefficiency effects were assumed to be a function of the values of other observable explanatory variables. In addition, their model considered allocative and scale efficiencies. Huang and Liu (1994) specified a non-neutral stochastic frontier production function, in which the technical inefficiency effects were specified in terms of various firm-specific variables and interactions among these variables and the input variables in the frontier. Battese and Coelli (1995) proposed a stochastic frontier production function for panel data, in which the technical inefficiency effects were specified in terms of various explanatory variables, possibly including time. Coelli (1994) expanded the FRONTIER program to estimate the stochastic frontier model of Battese and Coelli (1992) . This analysis had been done to observe the contribution of the effect of factors influencing technical efficiency and inefficiency on wheat production in the selected areas of Bangladesh. Following Aigner et al. (1977) and Meeusen and Van Den Broeck (1977) , the stochastic frontier production function with two error terms can be modeled as:
Where Y i is the production of the i-th farm (i=l,2,3.................n), X i is a (l×k) vector of functions of input quantities applied by the i-th farm, 1 is a (k×l) vector of unknown parameters to be estimated, V i s are random variables assumed to be independently and identically distributed N (0, σ 2 u) and independent of U i s.
Following Battese and Coelli (1995) , the technical inefficiency effects, U i in equation (1) can be expressed as:
Where, W i s are random variables, defined by the truncation of the normal distribution with zero mean and variance σ 2 u, such that the point of truncation is -
Besides the farm-specific variables, the 4 variables in equation is (2) may also include input variables in the stochastic production frontier (I), provided that the inefficiency effects are stochastic. If Z-variables also include interactions between farm-specific and input variables, then a Huang and Liu (1994) non-neutral stochastic frontier is obtained.
The technical efficiency of the ith sample farm, denoted by TE i is given by: (Dey et al., 1999) . If U i = 0, implying that production lies on the stochastic frontier, the farm obtains its maximum attainable output given its level of input. If U i < 0, production lies below the frontier and indication inefficiency.
Empirical model
Two types of function, namely Cobb-Douglas and translog dominate the technical efficiency literature. In this study, It is assumed that the Cobb-Douglas is the appropriate form of the frontier production function. The stochastic production function which is used for the wheat producers was specified as: lnYi = β 0 β 1 ln(X 1 ) + β 2 1n(X 2 ) + β 3 ln(X 3 ) + β 4 ln(X 4 ) + β 5 ln (X 5 )+ β 6 1n(X 6 )+ β 7 ln(X 7 )+ β 8 1n(X 8 )+ β 9 1n(X 9 )+ β 10 ln(X 10 )+ β 11 ln(X 11 )+ β 12 ln(X 12 )+ β 13 1n(X 13 )
Where, In = Natural logarithm, Y = Gross return (Tk./ha), X 1 = Hired labor cost (Tk./ha), X 2 = Family labor cost (Tk./ha), X 3 = Cost of urea (Tk./ha), X 4 = Cost of TSP (Tk./ha), X 5 = Cost of MP (Tk./ha), X 6 = Irrigation cost (Tk./ha), X 7 = Animal power cost (Tk./ha), X 8 = Mechanical power cost (Tk./ha), X 9 = Seed cost (Tk./ha), X 10 = Interest on operating capital (Tk./ha), X 11 = Land rent (Tk./ha), X 12 = Small farmer dummy (I if small farmer, 0 otherwise), X 13 = Medium farmer dummy (I if medium farmer, 0 otherwise).
The technical inefficiency effects U i are defined as:
Where 
Results and Discussion
Estimates of stochastic frontier production function
The estimates of stochastic frontier production function along with other variables are presented in Table 2 . In case of wheat farming, the result of frontier production function showed that different cost items like hired labour, family labour, urea, TSP, MP, mechanical power, seed, interest on operating capital, land use were significant. Among them, family labour cost, fertilizer cost, mechanical power cost, seed cost, interest on operating capital, land use cost, small farm dummy and medium farm dummy were significant at 1% level. It means that the mentioned cost items influence significantly on production of wheat. (2004) Note: and * indicates significant at 1%, 5% and 10% level respectively and NS indicate not significant.
Inefficiency factors of wheat production
In order to quantify determinants of efficiency or inefficiency of wheat production, some socio-economic variables were included in the stochastic frontier production, function. The estimated co-efficients in the explanatory variables in the model have important implication. The negative and significant co-efficient of education implies that the farmers with more education tend to be less inefficient. So, education can reduce the inefficiency of wheat production or it can increase the efficiency of wheat production.
The negative co-efficient of farming experience measured in years indicated that the farmers with more experience tend to be less inefficient. So, farming experience can increase the technical efficiency of wheat production ( Table 2 ). The negative co-efficient of soil type dummy indicated that the farmers who cultivated in sandy loam soil are more efficient than the farmers with cultivation in other soil type. The negative and significant co-efficient of frequency of extension contacted implies that the farmers who make frequent contact with extension personnel were technically more efficient than the farmers who did not contact frequently with the extension personnel. On the other hand, optimum date of sowing and harvesting dummy were insignificant for the wheat producers in the study area.
Range of technical efficiency (TE) according to farm size
Different range of technical efficiency of different categories of farmers is depicted in Fig. 1.1 . The figures showed that the different ranges of technical efficiency of small, medium, and large farmers clearly differ in terms of skewness. Most of the farmers of different categories of farm sizes lie between the technical efficiency ranges of 71-85%, followed by the range of 40-55%. The figure showed that about 47% farmers of small farm category, 40% of the medium farm category, and 33.3% of the large farm category lie within the range of 71 -85% technical efficiency. It is also evident that the higher the farm size, the lower the TE. The other range of TE showed that 27% of the small farm category, 20% of the medium farm category. 33.3% of the large farm category lie within the range of 40-55% of technical efficiency. Table 3 showed that in the case of optimum sowing, small farmer's efficiency level was comparatively high (72.62%) than late sowing (47.75%). Similar picture was found in the case of medium and large farms. If we consider all farm categories then we also find that farmers with optimum sowing were technically more efficient than the farmers with late sowing. Therefore, optimum sowing had positive hmpact on achieving higher technical efficiency in wheat production. Table 4 Indicated that in the case of optimum harvest, small farmers' efficiency level was comparatively high (72%) than late harvest (52.33%). Similar picture was found in the case of medium and large farms. If we consider all farms then we find that farmers with optimum harvest were technically more efficient than the farmers with late harvest. Hence, optimum harvest time had positive impact on increasing technical efficiency of wheat producers. 
Showing date and technical efficiency
Soil type and technical efficiency
The technical efficiency of wheat producers in the case of sandy loam soil was comparatively high (77.33%) than the other soil types for small farmers (Table  5) . Similar trend was also found in the case of medium and large farmers. In all farms, technical efficiency was much higher (78.33%) for the farmers who uses sandy loam soil for wheat production than the farmers who did not uses sandy loam soil. Therefore, soil type highly influenced technical efficiency of wheat production in the study area. 
Education and technical efficiency
There was a positive relationship between the educational level and technical efficiency of wheat farmers. This implied that the farmers with more education respond more readily in using the improved technology and produce more output with similar amount of inputs. In the case of small farmers, higher secondary educated farmers were technically more efficient (98.75%) than the other categories of farmers. Similar image was found in the case of medium and large farms. The highest technical efficiency was achieved by the higher educated farmers and the lowest by the illiterate farmers (Table 6 ). 
Farming experience and technical efficiency
The farmers with more farming experience were technically more efficient than the farmers with less experience (Table 7) . In all farm category, farmers with experience ranged From 30 to 39 years were technically more efficient (88.22%) than farmers with experience ranged from 20 to 29 years (71.33%) and 5 to 19 years (51.80%). This trend was similar for small, medium, and large farm category. Table 8 indicated that the farmers who contacted frequently with extension workers were technically more efficient than the farmers with less contacted with extension workers. In all farm category, the highest technical efficiency (99%) was achieved by those farmers who contacted 4 to 3 times with extension workers during the production period. Less technical efficiency (51.07%) was achieved by the farmers who did not contact with extension workers during the production period. The similar trend was found in different farm category farmers. 
Frequency of extension contact and technical efficiency
Conclusion and Recommendation
In order to quantify determinants of inefficiency of wheat production some socioeconomic variables were included in the stochastic frontier production function. The inefficiency model implies that farmers with optimum sowing and harvest were technically more efficient than the farmers with late sowing and harvest. Therefore, optimum sowing and harvest date had positive impact on increasing technical efficiency of wheat producers. There was a positive relationship between the educational level and technical efficiency of wheat producers. In all farm category, farmers with experience range of 30 to 39 years were technically more efficient (88.22%) followed by farmers with experience range of 20 to 29 years (71.33%) and 5 to 19 years (51.80%). The farmers who contacted frequently with extension workers were technically more efficient than who contacted less with extension workers. Therefore, maintaining of optimum sowing and harvesting time, use of sandy loam soil, high level of farming experience and education are important factors for obtaining maximum achievable yield.
